A Gram-positive-staining, facultatively aerobic, endospore-forming bacterial strain, isolated from the stem tissue of cotton (Gossypium hirsutum) was subjected to a detailed taxonomic study using a polyphasic approach. Based on 16S rRNA gene sequence similarity comparisons, strain JM-1350 T grouped into the genus Saccharibacillus, and was most closely related to the type strain of Saccharibacillus sacchari (96.5 % 16S rRNA gene sequence similarity), followed by the type strains of Saccharibacillus kuerlensis (96.3 %) and Saccharibacillus deserti (95.1 %). The diagnostic diamino acid of the peptidoglycan was meso-diaminopimelic acid. The quinone system contained exclusively menaquinone MK-7. The polar lipid (L1) profile consisted of the major lipids diphosphatidylglycerol and phosphatidylglycerol and moderate amounts of three glycolipids and an aminophospholipid and a polar lipid (L1). The major fatty acids were iso-and anteiso-branched fatty acids. The genomic G+C content was 55. 
The genus Saccharibacillus was proposed by Rivas et al. (2008) , for primarily Gram-positive to Gram-variable, facultatively anaerobic and rod-shaped bacteria. Members of this genus are negative for oxidase activity, have anteiso-C 15 : 0 as the major fatty acid and menaquinone-7 (MK-7) as the major respiratory menaquinone (Rivas et al., 2008) . At the time of writing, the genus Saccharibacillus comprises only three species with validly published names: Saccharibacillus sacchari (Rivas et al., 2008) , Saccharibacillus kuerlensis (Yang et al., 2009) and Saccharibacillus deserti (Sun et al., 2016) .
Endospore-forming organisms have frequently been isolated as endophytes (Rivas et al., 2008; K€ ampfer et al., 2015) and from plant tissue (K€ ampfer et al., 2016) . They are of particular interest for their capacity to resist desiccation through the production of spores, for the potential to promote plant growth and/or to afford biological disease control. Plant beneficial effects are of interest to the biotechnology industry for the purpose of formulating commercial products for use in agricultural settings. The production of spores is particularly attractive to agri-business since stable spores in a dry formulation can translate to longer shelf-life. Such spore-forming bacteria are active agents in commercial products such as Kodiak (Bacillus velezensis, strain GB03), Serenade (Bacillus subtilis, strain QST 713), and Yield Shield (Bacillus pumilus, strain GB34). In our efforts to find microbes which have close and potentially beneficial relationships with plants, we have chosen to target bacterial endophytes of crop plants. In so doing, strain JM-1350 T was initially isolated from the inner tissues of field grown cotton (Gossypium hirsutum). Endophytic bacterial isolation was carried out by washing plant tissue in sterile distilled water, surface-disinfecting with 1.05 % sodium hypochlorite for 10 min and several repeat rinses in sterile distilled water. The outer tissue was excised with a sterile scalpel to obtain an inner core of plant tissue which was then macerated using a KLECO tissue homogenizer (Kinetic Laboratory Equipment) as previously described (McInroy & Kloepper, 1995) , and plated on R2A medium for colony selection.
Subsequent cultivation was performed on tryptone soy agar (TSA; Oxoid) at 28 C for 24 h. Cell morphology and motility was observed under a Zeiss light microscope at a magnification of Â1000, using cells that had been grown for 3 days at 25 C on TSA. Gram staining was performed by the modified Hucker method according to Gerhardt et al. (1994) . The KOH test was carried out according to Moaledj (1986) . The physiological characterization was done according to the methods described by K€ ampfer et al. (1991) and K€ ampfer (1990) . In addition, tests with the API 20NE kit (bioM erieux) were done exactly according to the instructions of the manufacturer.
Phylogenetic placement of strain JM-1350 T was based on the 16S rRNA gene sequence phylogeny. Genomic DNA was extracted and the 16S rRNA gene amplified with universal bacterial 16S rRNA gene targeting primers 8F (5¢-AGAGTTTGATCCTGGCTCAG-3¢; Escherichia coli rrnB positions 8 to 27) and 1492R (5¢-ACGGCTACCTTGTTAC-GACTT-3¢; E. coli rrnB positions 1492 to 1512) (Lane, 1991) . PCR was performed using EconoTaq Plus Green 2Â master mix (Lucigen) with the following cycling parameters: initial denaturation at 95 C for 5 min; 31 cycles of 94 C for 1 min, 57 C for 45 s, 70 C for 2 min; and a final extension at 70 C for 10 min. PCR products were sequenced using an ABI 3700 (Lucigen). All sequences were checked manually using BioEdit (Hall, 1999) . The final corrected 16S rRNA gene sequence of strain JM-1350 T had a size of 1479 nt and spanned gene termini 8 to 1475 [numbering according to Brosius et al. (1978) ]. A first phylogenetic identification by BLAST analysis using EzTaxon (Kim et al., 2012) showed that the strain was most closely related, with 96.5 % 16S rRNA gene sequence similarity, to the type strain of Saccharibacillus sacchari. Detailed phylogenetic analyses were performed using the ARB software package release 5.2 (Ludwig et al., 2004) . The 16S rRNA gene sequence of strain JM-1350 T was aligned with SINA (v1.2.9) according to the SILVA seed alignment (http://www.arb-silva.de; Pruesse et al., 2007) and implemented into the 'All-Species Living Tree' Project (LTP; Yarza et al., 2008) database release LTPs123 (September 2015) . The alignment of strain JM-1350 T and related Paenibacillaceae was corrected manually before tree reconstruction. Based on that alignment, pairwise sequence similarities were calculated using the ARB neighbour joining tool. Evolutionary models were not considered by the analysis. A maximum-likelihood tree was calculated with RAxML v7.04 (Stamatakis, 2006) , GTR-GAMMA and rapid bootstrap analysis, a neighbour-joining tree with the Jukes-Cantor correction (Jukes & Cantor, 1969) , and a maximum-parsimony tree with DNAPARS v.3.6 (Felsenstein, 2005) . All trees were based on 100 resamplings (bootstrap analysis; Felsenstein, 1985) and 16S rRNA gene sequences between gene termini 105 and 1470 (E. coli numbering; Brosius et al., 1978) .
Strain JM-1350 T shared 96.5 % 16S rRNA gene sequence similarity with the type strain of Saccharibacillus sacchari, followed by those of Saccharibacillus kuerlensis (96.3 %) and Saccharibacillus deserti (95.1 %). The next closest related species belonged to the genus Paenibacillus and shared less than 93.5 % 16S rRNA gene sequence similarities with strain JM-1350
T .
Independent of the applied treeing method, strain JM-1350 T was placed into the monophyletic cluster of the genus Saccharibacillus together with the type strains of the three species of the genus Saccharibacillus (Fig. 1) . The cluster was supported by a bootstrap value of 100 %. The relationships of the strains within the genus cluster varied between the different treeing methods. Furthermore, the placement of the family cluster within the Paenibacillaceae varied dependent on the phylogenetic treeing method.
The genomic G+C content of strain JM-1350
T was determined by the melting temperature method of Gonzales & Saiz-Jimenez (2002) as described in detail previously (Glaeser et al., 2013) . The determined G+C content of strain JM-1350 T was 55.2 mol% which was in the range of the G+C content determined for other Saccharibacillus species (Rivas et al., 2008; Yang et al., 2009; Sun et al., 2016) .
Biomass subjected to analyses of the diagnostic diamino acid of the peptidoglycan, the quinone system and polar lipids was grown in PYE broth (0.3 % peptone from casein, 0.3 % yeast extract, pH 7.2) at 28 C. Quinones and polar lipids and the diamino acid were extracted and analysed by applying the integrated procedure reported by Tindall (1990a, b) and Altenburgera et al. (1996) . HPLC analysis was carried out using the equipment described by Stolz et al. (2007) . Identification of the isomer of diaminopimelic acid was carried out according to Schumann (2011) . The quinone system of strain JM-1350 T contained exclusively menaquinone MK-7. meso-Diaminopimelic acid was detected as diagnostic diamino acid of the peptidoglycan. The polar lipid profile of strain JM-1350 T ( Fig. 2) consisted of the major lipids diphosphatidylglycerol and phosphatidylglycerol, moderate amounts of three glycolipids (GL1, GL2, GL3) and an aminophospholipid (APL), and a minor amount of a polar lipid (L1) that did not react with spray reagents specific for the presence of an amino group, a phosphate or a sugar moiety. This polar lipid profile shared with S. sacchari the presence of diphosphatidylglycerol and phosphatidylglycerol and the glycolipids GL1 and GL2. In contrast, the phosphoaminolipid PN and the phosphoglycolipid of S. sacchari could not be detected in strain JM-1350 T , while the presence of the aminophospholipid and lipid L1 of strain JM-1350 T were not reported for S. sacchari. However, it might be possible that, due to the low amount, we have overlooked a positive reaction when the lipids were stained for presence of phosphate.
Fatty acids were extracted and analysed as described by K€ ampfer & Kroppenstedt (1996) . Strains were grown under identical conditions (TS-medium after 72 h incubation at 28 C) and the cells for extractions were taken from colonies of the same size. Fatty acids were identified with the Sherlock version 2.11, TSBA40 Rev. 4.1. The fatty acids of strain JM-1350 T comprised mainly iso-and anteiso-branched fatty acids and the profile was very similar to the most closely related species of the genus Saccharibacillus. The detailed fatty acid profiles obtained are shown in Table 1 .
The results of the physiological characterization, performed using methods described previously (K€ ampfer, 1990; K€ ampfer et al., 1991) , are given in Table 2 and in the species description.
Based on the summary of genotypic, phenotypic and chemotaxonomic results, strain JM-1350
T is described as a novel species of the genus Saccharibacillus, for which the name Saccharibacillus endophyticus sp. nov. is proposed. T within the monophyletic cluster of the genus Saccharibacillus. The tree was generated in ARB using RAxML (GTR-GAMMA, Rapid Bootstrap analysis) and is based on 16S rRNA gene sequences between positions 105 to 1467 according to E. coli numbering (Brosius et al., 1978) . GenBank/EMBL/DDBJ accession numbers are given in parentheses. Numbers at branch nodes refer to bootstrap values >70 % (100 replicates). Type strains of Thermobacillus composti and Thermobacillus xylanilyticus were used as outgroups. Bar, 0.10 substitutions per site.
The Minimal Standards, as provided by Logan et al. (2009) were considered.
Description of Saccharibacillus endophyticus sp. nov.
Saccharibacillus endophyticus (en.do.phy¢ti.cus. Gr. pref. Endo within; G. n. phyton plant; L. masc. suff. -icus adjectival suffix used with the sense of belonging to; N.L. masc. adj. endophyticus within plant, endophytic, pertaining to the original isolation from plant tissues).
Cells (with rounded ends) stain Gram-positive. No chains or filaments are observed after growth on TSA at 28 C for 48 h. Cells are 4.0-6.5 µm in length and 0.8-1.3 µm in width, and show no motility. Oval endospores are formed in a terminal position in a swollen sporangium. Colonies grown on TSA after incubation for 48 h are circular, convex and beige with a glistening appearance and an average diameter of 2 to 3 mm. Grows weakly on MacConkey agar. The optimum temperature for growth is 28-30 C; growth occurs between 10-36 C but not at 4 C and 45 C. The optimal pH for growth is 7-8; growth occurs between pH T separated by twodimensional TLC and detected with molybdatophosphoric acid. DPG, Diphosphatidylglycerol; PG, phosphatidylglycerol; GL1, GL2, GL3, unidentified glycolipids; APL1, unidentified aminophospholipid; L1, unidentified polar lipid not reacting with the spray reagents specific for free amino groups, phosphate or sugar moieties. . Data for taxa 1 and 2 from this study; all other data (including data in parentheses for species 2) from Sun et al. (2016) . Values are percentages of the total fatty acids. Only fatty acid percentages >1.0 % are given. ND, Not detected. Sun et al. (2016) were essentially identical with data obtained in this study. All strains were positive for catalase activity, aesculin hydrolysis, assimilation of b-galactosidase and D-glucose. All strains were negative for oxidase activity, gelatin hydrolysis, and the assimilation of capric acid and phenylacetic acid. +, Positive; À, negative. eso-Diaminopimelic acid is the diagnostic diamino acid of the peptidoglycan. The polar lipid profile consists of the major lipids diphosphatidylglycerol and phosphatidylglycerol, moderate amounts of three glycolipids and an aminophospholipid, and a minor amount of a polar lipid that did not react with spray reagents specific for the presence of an amino group, a phosphate or a sugar moiety. Major fatty acids are anteiso-C 15 : 0 iand C 16 : 0 . In addition, iso-C 14 : 0 , iso-C 16:0 , iso-C 15 : 0 and C 14 : 0 are detected. The genomic G +C content is 55.2 mol%.
The type stain JM-1350 T (=LMG 29710 T =CCM 8702 T ) was isolated from the healthy inner stem tissue of a field-grown cotton plant (Gossypium hirsutum, cultivar 'DES-119') in Tallassee, AL, USA.
